Importance: Studies evaluating combined penetrating keratoplasty and pars plana vitrectomy for infectious aetiologies are limited.
INTRODUCTION
Infective endophthalmitis is a sight threatening ophthalmic emergency. The management becomes more challenging and the prognosis poorer if endophthalmitis is coexistent with microbial keratitis (MK) or any corneal pathology obscuring posterior segment visualization. 1 Endophthalmitis commonly results as a complication of intraocular surgery or trauma. These inciting agents can also result in corneal decompensation or a corneal scar obscuring the view and can prevent a successful pars plana vitrectomy (PPV). In addition endophthalmitis can also result as a complication of MK and it has been reported that 0.7-1.7% of MK can progress to endophthalmitis. 2 Majority of these eyes need evisceration/enucleation for eliminating the infection and many of them as a primary treatment. 1, 3 Management with combined penetrating keratoplasty (PKP) and PPV is helpful in such eyes associated with corneal opacity/ infection, which causes insufficient visualization of the fundus. Previous studies have reported favourable outcomes of combined PKP and PPV using a temporary keratoprosthesis. [4] [5] [6] [7] [8] [9] But most of these studies have included non-infectious causes of combined anterior and posterior segment diseases. Dae Sung Lee et al. in their retrospective case series of 11 eyes reported the outcomes of patients who underwent combined PKP and PPV. Six of their 11 patients had infectious endophthalmitis with either microbial keratitis or corneal oedema obscuring posterior segment visualization. All six eyes had poor final visual outcome with only one eye maintaining clear graft and one eye progressing to phthisis bulbi, but in four of the six cases the globe could be salvaged. 6 In this study we describe a series of patients who underwent combined PPV and PKP for infectious endophthalmitis, with or without temporary keratoprosthesis (TKP) and analyse their anatomic and functional outcomes.
METHODS
A retrospective analysis of medical records of patients of endophthalmitis who underwent combined PKP with PPV at a tertiary eye care centre of North India. Institutional Review Board approved the study protocol. Records of 55 eyes of 55 patients, operated between January 2012 and December 2017 were analysed. Inclusion criteria were patients with age more than 14 years with diagnosed endophthalmitis, with poor corneal clarity so as to impede intraoperative posterior segment visualization. Patients with minimum follow-up of 6 months were included in the study. Diagnosis of endophthalmitis was clinical, supplemented with ultrasound B-scan findings confirming vitreous exudates. Patients with age less than or equal to 14 years and a follow-up of less than 6 months were excluded from the study. Patients with associated retinal detachment were also excluded. Patients with no perception of light underwent primary evisceration and were also excluded. Forty three of 55 patients fulfilled the inclusion criteria and their data was documented. The baseline characteristics of the patients, including age, gender, time lag between symptoms and presentation, inciting factor, ocular diagnosis (corneal and retinal), previous ocular procedures, visual acuity (VA), intraocular pressure (IOP), lens status and status of the vitreous and retina (based on Bscan ultrasound) were analysed. All patients underwent combined procedure within 24 h of presentation without any preceding diagnostic or therapeutic intervention. Patients were started on topical moxifloxacin (0.3%) every hour and homatropine (2%) every 8 h in the intervening period. Intraoperative details like use of temporary keratoprosthesis (TKP), graft size, lens or IOL extraction, intravitreal antibiotic injection, silicone oil injection or any other additional procedure were noted. The microbiological profile of vitreous sample and corneal button (in case of MK) were documented. Postoperative data analysed were VA (UCVA and BCVA), IOP, lens status, graft clarity and status of the retina postoperatively on day 1, months 1 and 6, and yearly until the last follow-up visit. Any additional surgery performed or intravitreal injection was also documented. Any complication or recurrence of infection was noted.
Anatomic and functional outcomes were defined prior to review. Since all patients presented with beyond Snellen acuities (i.e. count fingers [CF]/log MAR 1.7-2.0, hand movements [HM]/log MAR 2.1-2.4, perception of light [PL] or no perception of light [NPL]), visual results were obtained from the difference in VA pre-treatment and post-treatment and categorized into three groups: (i) improved, (ii) no change, and (iii) deteriorated. An improvement was defined as either a gain of one measured step or more (e.g. from HM to CF, or CF to 20/100). A deterioration was defined as loss of one measured step or more (e.g. from CF to PL). Anatomic success was defined as elimination of infection with restoration of tectonic integrity of the globe. Retinal anatomic success was defined as resolution of vitreous exudates with attached retina. Corneal success was defined on the basis of a clear and compact graft, and any instances of graft rejection or failure were noted. Anatomic failure was defined when the eye progressed to phthisis bulbi or needed evisceration for uncontrolled infection. All the data was collected in an Excel data sheet (Microsoft, Redmond, WA, USA).
Surgical technique
Written informed consent was taken. After adequate anaesthesia was obtained with a Van Lint facial block and a peribulbar injection, a lid speculum was inserted. Three eyes were operated under general anaesthesia. A 360 peritomy was performed. A Flieringa ring was secured to the sclera with four 6-0 black silk interrupted sutures. A 20-gauze infusion port was inserted through the pars plana and sutured to the sclera. Two more sclerotomies were made at the pars plana with an micro vitreoretinal (MVR) blade and temporarily closed with plugs. The affected portion of the cornea was excised with a corneal trephine (Madhu Instruments, New Delhi, India) of diameter 7.25 or 8.25 mm depending on the size of the pathology. A Landers third generation TKP (Ocular Instruments, Bellevue, WA, USA) of 7.2 or 8.2 mm in diameter, was sutured onto the recipient cornea with six interrupted 9-0 nylon sutures. In case the corneal infiltrates were larger than 8.2 mm the vitrectomy was performed after placing a corneal allograft and securing it with 16-24 interrupted 10-0 or 9-0 nylon sutures. Standard three-port pars plana vitrectomy was then performed. Cataract was removed by pars plana lensectomy or extracapsular cataract extraction; intraocular lens was removed if it was infected or was decentred and distorted the view of the posterior segment. Depending on the retinal pathology, vitreoretinal surgery was performed. In case a TKP was placed, it was later removed and replaced with donor corneal button with diameter 0.5 mm larger than the host trephination. The donor cornea was sutured onto the recipient cornea with 16-24 interrupted 10-0 nylon sutures. During PKP, intraocular pressure was adjusted by regulating the flow through the infusion port. All corneal suture knots were buried. Intraocular pressure was slowly brought to normal. Intraocular antibiotics were injected based on the preliminary microbiology report (Gram's and Potassium hydroxide staining of intraoperative vitreous tap). Intravitreal vancomycin 1 mg/0.1 mL and ceftazidime 2.25 mg/0.1 mL were injected if staining demonstrated bacterial organism or no organism. Intravitreal injection of voriconazole 100μg/0.1 mL was given if staining showed fungal organism. Silicon oil was injected at this stage if indicated. After closure of the sclerotomy sites and peritomy, 20 000 U of gentamicin was injected subconjunctivally. Vitreous aspirate and corneal button were plated on blood agar, chocolate and Sabouraud dextrose agar for bacterial and fungal cultures.
Postoperatively, patients were prescribed oral antibiotics (ciprofloxacin, 500 mg twice daily), topical antibiotics (cefazolin sodium 5% and tobramycin sulfate 1.3%, 2 hourly), and topical steroids (prednisolone acetate 1%, 4 hourly) in cases of bacterial endophthalmitis. Topical natamycin (5%, 1 hourly) and oral ketoconazole (200 mg, 12 hourly) were given for fungal keratitis (topical steroids were withheld in fungal keratitis). Antibiotics were changed based on culture-sensitivity results. Patients were followed up regularly on case to case basis till the infection resolved, then monthly for 3 months, 2 monthly for 1 year, and 3 monthly thereafter. Any additional procedure or intravitreal injection needed to control the infection was documented. In case of presumed or confirmed bacterial endophthalmitis, intravitreal injections of vancomycin 1 mg/0.1 mL and ceftazidime 2.25 mg/0.1 mL were injected and were repeated every 48 h till a clinical resolution of the infection was noted. In case of a presumed or confirmed fungal endophthalmitis, intravitreal injection of voriconazole 100 μg/0.1 mL was given with repeat injections being given depending on clinical resolution.
Statistical analysis
SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. For description, quantitative variables were expressed as mean AE SD, and qualitative variables as percentage. The x 2 tests were performed for categorical variables. Mann-Whitney U test was used to compare differences between two independent groups and Independent-t test was used to elicit a statistically significant difference between the means of two unrelated groups. All the tests were two-tailed, and P < 0.05 was considered significant.
RESULTS
Combined PKP with PPV for infectious endophthalmitis was performed in 55 eyes of 55 patients during the defined study period. 
Preoperative characteristics
The most common inciting agent for endophthalmitis was a recent surgical intervention in 31 eyes (72.1%). These cases were divided into those occurring within 6 weeks of surgery and those occurring between 6 weeks to 3 months (Table 1) . Other inciting factors for endophthalmitis were trauma in seven eyes (16.3%), corneal graft infection (over an old graft) in three eyes (7%) and perforated MK in two eyes (4.6%). Nineteen patients had associated systemic illness (diabetes mellitus: nine, ischaemic heart disease: four, and hypertension: 12). All eyes had cloudy cornea precluding adequate visualization of the vitreous and retina. The most common aetiology for corneal opacification was infectious keratitis (38 eyes-88.4%), including eight eyes (18.6%) with corneal graft infection. Other causes for corneal opacification included bullous keratopathy in six eyes (13.9%) and corneal scar in one eye (2.3%). Two of these cases had superadded MK on bullous keratopathy. B-scan performed on presentation was suggestive of endophthalmitis. Lens examination revealed presence of crystalline lens in four eyes (9.3%), pseudophakia in 31 eyes (72.1%) and aphakia in eight eyes (18.6%).
The preoperative VA was PL in 35 eyes (81.4%), HM (Log MAR 2.40) in five (11.6%) eyes and CF (Log MAR 2.0) (6.9%) in three eyes with a median VA of PL. Eleven out of 43 (25.6%) patients were monocular and had a vision less than 20/400 (log MAR 1.3) in the fellow eye also. Preoperative patient characteristics have been summarized in Table 1 .
Intraoperative characteristics
PPV was carried out using a TKP in 22 eyes (51.2%) and through a clear allograft in 21 eyes (48.8%). Corneal graft size varied from 7.5 to 11 mm (Median: 8.5 mm). An extracapsular cataract extraction was done in four eyes and IOL explantation in 22 eyes. Intraocular foreign body removal was done in one eye. Silicone oil insertion (SOI) was done as a primary procedure in one eye, and three other eyes needed SOI in subsequent surgeries. Microbiological culture positivity was seen in 40 eyes (93%). Bacterial growth was observed in 27 eyes (62.8%) including two eyes which showed mixed bacterial growth and fungus was seen in 13 eyes (30.2%). There was no growth documented in three eyes (6.9%). The details of microbiological analysis have been elaborated in Table 2 . (Table 3) . Anatomical failure was seen in 15 eyes (34.9%) of which nine developed phthisis bulbi and six eyes had to be eviscerated. Out of the 15 eyes having anatomical failure, eight eyes (53.3%) had fungal infection. Globe survival was significantly worse when fungus was isolated as the causative agent for infection as compared to bacterial/non-fungal infection (P = 0.03). Visual acuity outcomes were also significantly poorer when fungus was implicated as the infective organism (P = 0.02). The comparison of anatomical and functional outcomes in relation to microbiology has been detailed in Table 4 . Globe survival was significantly better (P = 0.02) when a TKP was used (18 eyes) as compared to when TKP could not be used (10 eyes) though the visual outcomes were not significantly different between the two groups (P = 0.2) ( Table 5) . Mean time to infection resolution in eyes which had an anatomical success was 14.6 AE 5.19 days. Time taken was more (P = 0.04) with fungal infection (19 AE 5.19 days) as compared to bacterial/non-fungal infection (13.65 AE 4.78 days). Corneal graft was clear in 24 eyes (55.8%) at 6 months. Graft failure was noted in 19 (44.2%) eyes. The causes for graft failure were recurrence of infection in six (31.6%) eyes, graft rejection in nine (47.4%) eyes and primary graft failure in four (21.1%) eyes. The mean time to secondary graft failure was 47.2 AE 42.3 days. Graft acceptance was significantly more in cases of nonfungal infection as compared to fungal infection (P = 0.04). Persistent epithelial defect over the cornel graft was noted in three eyes, which healed with permanent lateral tarsorraphy.
Postoperative results
Retinal anatomic success was achieved in 31 eyes (72.2%) at final follow-up. The infection failed to clear in 10 (23.2%) eyes in spite of repeated surgical attempts or intravitreal antibiotics. Six of these eyes were eviscerated and the rest progressed to phthisis bulbi as the patients did not consent for evisceration. Three eyes developed retinal detachment and all three developed phthisis bulbi eventually. Epiretinal membrane formation was seen in three eyes which were managed conservatively in view of a guarded visual prognosis. The preoperative and intraoperative factors affecting anatomical and functional outcomes have been detailed in Table 5 .
At the final follow-up 36 (83.7%) patients were aphakic and 7 (16.3%) patients were pseudophakic. The mean intraocular pressure (IOP) in the eyes which maintained anatomical integrity was 12.71 AE 4.39 mmHg. Raised IOP was seen in two eyes which were controlled on topical antiglaucoma medications.
Repeat surgical intervention was needed in many eyes. Intravitreal injection of antibiotics was done in 19 eyes (44.2%). A repeat PPV was needed in five eyes (11.6%) and repeat PKP with PPV was needed in two eyes (4.6%). Of the seven eyes needing repeat PPV, only two eyes achieved anatomical success, two eyes underwent evisceration and three eyes progressed to phthisis bulbi. Of the 11 patients who had poor vision in the fellow eye, eight eyes could be salvaged and seven of those had BCVA above CF at 1 m.
DISCUSSION
The main aim of combined surgery for treatment of infective endophthalmitis with corneal infection/ opacity is the eradication or reduction of infective load and preservation of structural integrity of the eye. Visual rehabilitation is often difficult and of secondary consideration. Visual outcomes of endophthalmitis are often poor, with one third of individuals not gaining vision better than counting fingers, and 50% not able to recover vision better than 20/40. 10 The prognosis becomes much poorer if it is associated with microbial keratitis or corneal opacification. In our study we evaluated the results of 43 eyes which underwent combined PKP with PPV with a minimum follow-up of 6 months. 28 eyes (65.1%) could be salvaged and 20 (46.5%) eyes noted an improvement in visual acuity. This was of particular importance in seven of the 11 monoocular patients who became self ambulatory following the surgery. Several retrospective studies have reported the outcomes of combined PKP and vitreoretinal surgery. The largest of these studies was by Dong et al., which included 107 eyes with coexisting corneal and vitreoretinal disease. 4 They reported an eye salvage rate of 86%. But only five of these eyes had endophthalmitis with corneal infection. Tanaka et al. reported the results of combined surgery in 15 eyes with a generally poor visual outcome. 5 Their series had seven cases of fungal endophthalmitis. Three of these eyes progressed to phthisis bulbi, but the rest achieved a favourable visual outcome. In their series of 11 eyes, Dae Sung Lee et al. included six eyes of endophthalmitis of which four had MK also. 6 Of these two eyes progressed to phthisis bulbi, two eyes had NPL vision and only one eye had an improved vision postoperatively. Various other studies evaluating combined surgeries for noninfective pathologies have been done. Roters et al. reported the outcomes of combined surgery in 34 severely injured eyes. 74% of these eyes attained final VA better than the preoperative VA. 8 None of these eyes had an infectious pathology. Similarly Roters et al. again reported the outcomes of 53 eyes which underwent combined surgery with silicone oil insertion. 7 Only one of these eyes had a perforated corneal ulcer and none had endophthalmitis. Visual acuity remained same or improved in 73% of the eyes. Thus most of the previous studies have evaluated the outcomes of combined surgeries in eyes with non-infective pathologies. Our study is unique in addressing the results of surgical intervention in endophthalmitis with majority of cases (88%) having a coexistent microbial keratitis. Our results may be modest as compared to previous studies as management of combined anterior and posterior segment infection is a challenging task. However, if we compare our results with those of Tanaka et al. and Dae Sung Lee et al. our outcomes are relatively better. The reason for it could be that we managed our cases very aggressively with early surgical intervention, close in-patient postoperative follow-up, intensive topical and systemic treatment and frequent injection of intravitreal and intracameral antibiotics. A resurgery was performed as soon as there was any evidence of residual or recurrent infection.
Most of our cases had concurrent MK and endophthalmitis. It is difficult to comment in these cases, whether endophthalmitis was secondary to MK or the surgical/traumatic insult caused the infecting organisms to be lodged in both cornea and vitreous. MK-associated endophthalmitis only accounts for up to 6-10% of exogenous endophthalmitis. 11 The rate of development of endophthalmitis in patients with MK has been reported to be in the range of 0.7% to 1.7% and often carries a poor visual prognosis. 2 Majority of the eyes in our study had undergone a previous ocular surgery, including complicated cataract surgery and PKP. Any discontinuity in the posterior capsule provides a tract for the microbes to travel to the posterior segment even with a trivial anterior segment infection. 12 Corneal sutures could also be a predisposing cause of keratitis progressing to endophthalmitis 13 Previously O'Neill et al. have reported the risk factors, microbial profiles and prognosis of MK-associated endophthalmitis in high-risk eyes. 1 They noted poor visual outcomes and majority (62.2%) of the eyes needed evisceration/enucleation. None of their cases were taken up for vitrectomy and were managed medically. We found our globe salvage rate to be relatively better. One reason for it could be early surgical intervention in all the cases which helps in de-bulking the infectious load. The microbiological culture positivity seen in our study (93%) was slightly higher than that reported in previous series of combined MK and endophthalmitis.
1,2 In our study nearly one-third of eyes showed fungus on microbiological evaluation. Only Tanaka et al. have reported on combined surgery in fungal endophthalmitis. 5 Most other studies on combined MK and endophthalmitis have reported bacterial growth only. Fungus is an important cause of ocular infection in India accounting for nearly 35% of keratitis cases 11 and 7.1-12.7% of endophthalmitis cases in Asian countries. 14 We found a statistically significant poorer anatomical and functional outcome in fungal infection which is supported by previous studies on fungal keratitis. 15 Similar to previous studies the most common implicated bacteria were Streptococcus species (20.9%) followed by Staphylococcus species (16.3%) and Pseudomonas (13.9%) and other bacterial organisms. 1, 11, [16] [17] [18] Landers et al. reported the first use TKP for posterior segment disease with associated corneal opacification in 1981. 13 Since then several studies have reported outcomes of combined PKP with vitreoretinal surgeries using TKP. [4] [5] [6] [7] [8] [9] We preferred using the Landers TKP in comparison to Eckardt's as it provides a good view of the central retina and vitreous which is needed for core vitrectomy. 19 A TKP maintains a closed globe system with normal IOP to allow easy performance of vitreoretinal procedures without major complications. We could use the TKP in only 22 of 43 eyes (51.2%) as the size of corneal infiltration was much larger in the rest of the eyes, precluding the usage of a TKP. Though we could achieve a similar closed globe system after suturing a corneal allograft, but the results were poorer without the use of a TKP. The possible reason for this could be the larger graft size needed for these eyes and also more extensive corneal infiltration making the prognosis worse as such. 20 Our study does have some limitations. First it is a retrospective study with a relatively small sample size. But seeing the unusual occurrence of such complex pathologies and relative absence of literature on combined surgeries for infectious endophthalmitis our series is the largest to the best of our knowledge. Second is the varied strategy for postoperative management which were employed. Since no specific protocols for management of such complicated cases exists, we adopted a case based management approach. Also as all our cases had a compromised corneal clarity to begin with, we were unable to document and diagnose any coexisting retinal pathologies apart from retinal detachment which would significantly affect the final visual outcome in our cases.
To conclude, combined penetrating keratoplasty and pars plana vitrectomy is an effective way of managing endophthalmitis with poor corneal clarity. Visual prognosis is guarded because of extensive tissue destruction and the primary aim of surgery is restoration of the structural integrity of the eye. Fungal infection carries a poorer prognosis. Aggressive approach with early surgical intervention, close inpatient postoperative follow-up, intensive topical and systemic treatment and frequent injection of intraocular antibiotics helps in achieving a favourable outcome.
